Abstract. This paper presents an architecture for non-intrusive user interfaces in the interactive digital TV domain. The architecture is based on two concepts. First, the deployment of non-monolithic rendering for content consumption, which allows micro-level personalization of content delivery by utilizing different rendering components (e.g., sending video to the TV screen and extra information to a handheld device). Second, the definition of actions descriptions for user interaction, so that highlevel user interaction intentions can be partitioned across a personalized collection of control components (e.g., handheld device). This paper introduces an over-all architecture to support micro-personalization and describes an implementation scenario developed to validate the architecture.
Introduction
Watching television is usually a shared experience: a family (or group of friends) watch a shared output device (the screen) and interact with that device using a single shared control object (the remote control). A social protocol exists that determines the content displayed on the output device. This protocol is required because there is no differentiation between common content for the group and optional information that may be of interest to only a sub-set of the group. In this paper, we propose a model in which personal devices and sensory enhanced everyday objects can be used to render and interact with television content. We refer to this model as a non-intrusive user interface because the selection and interaction with personal content streams do not disturb the television experience of other viewers.
Our research considers the last stage of the media distribution chain, when the user is actually consuming and interacting with TV content. In order to limit the scope of this paper, we constrain our interest to the interactions with an active content stream that is stored on a local home media server such as a Personal Digital Recorder (PDR). 
Related Work
The main motivation of our research is to provide a user, or group of users, with advanced control over the content they are viewing. We share the view presented by Baker [1] that current intrusive interfaces are not the solution. We feel that a value-added experience must rely on non-intrusive user interfaces for content selection, navigation, rendering, and interaction.
Much of the research on content selection within a digital television environment has focused on the macro-level concerns of selecting an entire program among a wide range of content available to a user. This is often done by some form of recommender system [2]. While we agree that recommender systems will play an important role in the future, they provide little or no assistance in navigating through content once it arrives in the home. To add personal value to the viewing experience, we feel that micro-level content personalization is also required.
Macro-level content selection is supported by the TV-Anytime Forum 1 . Interesting research in this area includes the UP-TV project. The UP-TV project [3] presents a program guide that can be controlled and managed (e.g., delete programs) from personal handheld devices. Our work also studies navigation using personal devices, but focuses on a finer level of granularity: how fragments within a program can be managed and personalized, and then controlled using a variety of light-weight end-user devices.
In order for micro-level personalization to be effective, a structured content model is useful. Several approaches to content structuring have been proposed world-wide: Digital Video Broadcasting -HyperText Markup Language (DVB-HTML) 2 (Europe); Advanced Common Application Platform -X (ACAP-X) 3 USA; and Broadcast Markup Language (BML) 4 (Japan). These solutions are based on a number of World Wide Web Consortium (W3C) technologies, such as eXtensible Markup Language (XML), Cascading Style Sheets (CSS) and the Document Object Model (DOM).
Unfortunately, they also rely on a non-declarative framework for modeling the temporal relationship between media elements in the document, such as ECMAScript or Java. Because declarative data is easily converted to other formats, is more likely to be device-independent and tends to live longer than programs [4]; we use a complete declarative solution, SMIL.
Regarding content rendering and interaction, Jensen [5] defines three basic types of interactive television: enhanced (e.g., teletext) personalized (e.g., pause/play content stream using a PDR), and complete interactive (i.e., return channel). In this paper, we extend Jensen's categorization with a new television paradigm: viewer-side content enrichment. In this paradigm, the viewer is transformed into an active agent, exercising more direct control over content
